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Cloning of local growth factors involved in the determination
of muscle mass

Unlike the cells of many tissues, muscle and neuronal cells
do not replicate throughout life. Therefore there has to be
an eVective mechanism of inducing local repair and
preventing cell death. We have identified and cloned two
growth factors that are expressed by muscle when it is sub-
jected to activity which are derived from the insulin like
growth factor-I (IGF-I) gene by alternative splicing.1 2 One
isoform, muscle L.IGF-I, is very similar to the liver type of
IGF-I. The other is a new growth factor that could only be
detected in exercised or stretched muscle. This has been
called mechano growth factor (MGF) to distinguish it
from liver IGF-I which has a systemic mode of action. The
structure of the cDNA of this isoform indicates that it has
diVerent exons from the liver types and is not glycosylated.1

Therefore it is smaller and has a shorter half life than liver
IGF-I unless it is bound to its tissue binding protein.
Unlike hormones, the site and mode of action of growth
factors are determined to a large extent by their specific
binding proteins.

Both muscle isoforms are upregulated by stretch and
overload and the evidence indicates that, during exercise,
muscle L.IGF-I contributes significantly to circulating lev-
els of IGF-I.2 3 MGF, however, appears to be designed for
local action and does not enter the blood stream in any
quantity. It has a 52 base insert in the E domain which
alters the reading frame of the 3’ end, which results in it
binding to a diVerent binding protein which exists in the
interstitial tissue spaces of muscle and neuronal tissue.
This would be expected to localise its action as it would be
unstable in the unbound form; this is important as its pro-
duction would not unduly perturb blood sugar levels.

Although MGF production in response to stretch during
exercise is apparently to induce local repair, its overexpres-
sion in situations that involve pronounced overload—for
example, weight lifting—results in hypertrophy. Therefore
it has an adaptative as well as a protective function. The
mechanism whereby cells respond to mechanical signals
must involve a mechanochemical transduction mechanism
to link the physical signal with the activation or repression
of certain genes. Recently, there have been a number of
studies on other cell types that implicate the cytoskeleton
in mechanochemical transduction. These have been
reviewed by Ingebar.4 Experiments have shown that in dys-
trophic muscle, including that in mdx mice (a model for
dystrophin deficient dystrophies) and dydy mice (model
for autosomal dystrophies), MGF is not expressed as it is in
normal mice muscle when stretched.5 6 In both types of
dystrophy, the cytoskeletal dystrophin complex is defective
and so apparently is the mechanotransduction system. At
the C-terminus, dystrophin is attached to an elaborate
array of diVerent proteins, which are in turn attached to the
extracellular matrix through laminin (merosin) one of
which is missing in the autosomal dystrophies. Also associ-
ated with this complex are neuronal nitric oxide synthase
and a tyrosine kinase, therefore it seems inconceivable that
this elaborate structure is present merely to stiVen the
membrane. The defects in the rather specialised cytoskel-
eton in muscle apparently results in inadequate production

of local IGF-I, and the failure to maintain muscle mass is a
possible cause for all the dystrophies.

Using an isolated heart preparation, we were able to
detect the production of the MGF peptide using a specific
antibody just two hours after the heart had been subjected
to a pressure overload.7 This growth factor appears to be
involved in protecting heart as well as skeletal muscle by
inducing local repair and preventing apoptosis. There is
also evidence that it is also involved in maintaining nervous
tissue,8 as IGF-I is known to be transported within
neurones. Therefore the possibility exists that motor
neurone maintenance is facilitated by IGF-I produced by
the active muscles that they innervate.9 Using a specific
antibody that we have generated, we found the MGF splice
variant in the central nervous system, which is another tis-
sue in which there is no cell replacement and in which
continuous local repair is very important. In addition, the
systemic type of IGF-I produced by active muscles
(L.IGF-I) and its beneficial eVect on other types of tissue,
as well as the protective and adaptative eVects of the auto-
crine variant (MGF), provides a basis for understanding
the beneficial eVects of exercise on general health.10

Recently, we placed MGF cDNA in an engineered gene
and injected it into muscles of the laboratory mouse.
Somewhat to our surprise, we found a 20% increase in
muscle mass in two weeks.11 At the same time, a group in
Philadelphia introduced the liver type IGF-I into muscles
using a similar approach and they also reported a 20%
increase but only after four months. Interestingly, this
group reported greater increases within four months in the
muscles of older mice as compared with the normal aging
controls, indicating that the age related loss of muscle mass
(sarcopenia) is associated with decreased IGF-I levels. As
systemic levels of growth hormone and liver IGF-I
decrease with age, this can be supplemented by the potent
MGF version produced by active muscles. This emphasises
the need to remain active during later years.

Clearly MGF is very potent and much more eVective in
increasing muscle mass than the liver type of IGF-I. This
may be good news for the elderly suVering from advanced
sarcopenia and for children suVering from muscular
dystrophy and other musculoskeletal problems, but it will
be open to abuse. If one intramuscular injection results in
a 20% increase in that muscle within a short time, it may be
predicted that it will be misused—for example, for resculp-
turing the body for athletic performance or other
non-medical purposes. As MGF and muscle L.IGF-I are
produced naturally by the body during activity, it would be
diYcult to detect whether an individual performance had
been enhanced by gene therapy or achieved by hard train-
ing. At present, there is apparently considerable misuse of
recombinant liver type IGF-I, and it is naive to think that
this would not be extended to include the more potent
form. It is to be hoped that the method we have in mind for
testing for this form of abuse (which cannot be disclosed at
this juncture) will be eVective in detecting exogenous
MGF.
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Exercise for cancer patients: a new challenge in sports medicine

In the past, physicians usually advised patients with
chronic diseases to rest and avoid physical eVort. These
recommendations were empirical: as most chronic diseases
are associated with functional changes resulting in an
impairment of physical performance, exercise in this group
of patients may generate fatigue, breathlessness, and tachy-
cardia. Therefore, avoiding physical activity results in less
discomfort.

However, in the last few years, scientific evidence has
dramatically changed our ideas about exercise for patients
with chronic diseases. In the late 1960s, the inclusion of
physical activity in rehabilitation programmes for patients
who had had myocardial infarction set a milestone and
opened up new perspectives for the use of exercise in treat-
ment for chronic diseases. Now, it is a well established fact
that excessive rest and lack of physical activity may result in
severe deconditioning and thus reduce the functional
status and quality of life of the chronically ill. Furthermore,
numerous studies have shown that exercise is an eVective
means for counteracting several of the negative eVects that
chronic diseases have on physical performance. As a result
of this evidence, exercise is actually considered an essential
component in the treatment of several illnesses including
peripheral vascular disorders, chronic obstructive lung dis-
ease, ischaemic myocardial disease, and heart failure.
Moreover, the value of exercise for rehabilitation has been
widely recognised; indeed, many institutions oVer exercise
programmes for transplantation recipients and for patients
after myocardial infarction or with chronic renal failure.
However, until recently, less was known about the feasibil-
ity and eVects of exercise programmes for cancer patients
during and after treatment.

The role of exercise in oncological rehabilitation
programmes has thus far been mostly limited to physical
treatment addressing specific impairments caused—for
example, by amputation or surgery. However, the medical
attitude regarding exercise for cancer patients is changing
fast. The recent world class performances of athletes who
have been treated for cancer have focussed attention on the
eVects of training on the physical performance of cancer
patients. Moreover, recent studies have shown that physical
activity may improve both the quality of life and mood and
the physical performance of cancer patients during and
after treatment.

Regular physical activity has been shown to increase the
performance status in breast cancer patients treated with
conventional chemotherapy1 and in patients after bone
marrow transplantation.2 It has also been shown to reduce
psychological distress and fatigue in patients treated with

radiotherapy3 and after high dose chemotherapy with
peripheral blood stem cell transplantation.4 Furthermore, a
reduction of treatment related complications has been
observed in cancer patients participating in exercise
programmes during cancer treatment.5 6 Finally, prelimi-
nary evidence suggests that regular physical activity may
improve immune function.7–9 Therefore, exercise could
play a potential role as complementary therapy for cancer
patients during and after treatment.

However, it is necessary to have more information about
the eVects and feasibility of exercise programmes for
diVerent groups of patients with oncological diseases.
Indeed, “cancer” is a common denominator for more than
100 neoplastic diseases, each with a diVerent aetiology,
course, and prognosis. Nevertheless, the biology of the
same nosological entity may vary considerably in diVerent
settings—that is, acute lymphoblastic leukaemia in chil-
dren and adults. Finally, cancer patients may have a
number of specific problems. Chemotherapy can damage
bone marrow and thereby impair the production of red
blood cells; the resulting anaemia decreases the oxygen
transport capacity of the blood. Agents like anthracyclines
and cyclophosphamide, and irradiation of the mediasti-
num, can result in myocardial damage and therefore cause
a decrease of cardiac output. Metastatic disease and pleu-
ral eVusion cause a reduction of total lung capacity;
furthermore, changes in the pulmonary architecture due to
surgical treatment of primary or metastatic lung cancer or
as a sequel to fibrosis after radiotherapy may alter the ven-
tilation:perfusion ratio. Treatment with immunosuppres-
sive agents (for example, high dose corticoids and
cyclosporine) can lead to a marked loss of muscle mass and
severe myopathy. Furthermore, reduced protein and calo-
rie intake as a consequence of anorexia and nausea, and
impaired absorption after gastrointestinal surgery, may
lead to a negative nitrogen balance and hence to a catabolic
state. Finally, an increase in the concentration of cytokines
(IL1, IL6, TNF and IFN-á) resulting from the interaction
between the tumour and the host defence system has been
associated with muscular waning. All these factors may
aVect the patient’s physical condition and reduce their per-
formance and must thus be carefully considered when
designing an exercise programme.

Research about the eVects of exercise in the prevention
and rehabilitation of cancer and the impact of physical
activity on immune function is still at its very beginning.
However, we feel that this is going to be one of the most
active areas of research in sports medicine in the coming
decade. It is certainly time to meet the challenge.
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